In order to clarify the origins and pathways of vasoactive intestinal polypeptide (VIP)-containing nerve fibers in cerebral blood vessels of rat, denervation exper iments and retrograde axonal tracing methods (true blue) were used. Numerous VIP-positive nerve cells were rec ognized in the sphenopalatine ganglion and in a mini-gan glion (internal carotid mini-ganglion) located on the in ternal carotid artery in the carotid canal, where the para sympathetic greater superficial petrosal nerve is joined by the sympathetic fibers from the internal carotid nerve, to form the Vidian nerve. VIP fiber bridges in the greater deep petrosal nerve and the internal carotid nerve reached the wall of the internal carotid artery. Two weeks after bilateral removal of the sphenopalatine ganglion or sectioning of the structures in the ethmoidal foramen, VIP fibers in the anterior part of the circle of Willis com pletely disappeared. Very few remained in the middle ce rebral artery, the posterior cerebral artery, and rostral
two-thirds of the basilar artery, whereas they remained in the caudal one-third of the basilar artery, the vertebral artery, and intracranial and carotid canal segments of the internal carotid artery. One week after application of true blue to the middle cerebral artery, dye accumulated in the ganglion cells in the sphenopalatine, otic and internal ca rotid mini-ganglion; some of the cells were positive for VIP. The results show that the VIP nerves in rat cerebral blood vessels originate: (a) in the sphenopalatine, and otic ganglion to innervate the circle of Willis and its branches from anterior and caudally and (b) from the in ternal carotid mini-ganglion to innervate the internal ca rotid artery at the level of the carotid canal and to some extent its intracranial extensions. Key Words: Vasoactive intestinal polypeptide-Cerebral blood vessels-Sphe nopalatine ganglion-Trigeminal nerves-Cerebrovas cular innervation-Retrograde tracing technique.
the external carotid arterial rete supplying the brain (Gibbins et aI. , 1984) , as well as in the sphenopala tine ganglion and otic ganglion (Walters et aI. , 1986) . VIP is present in many acetylcholinesterase (AChE)-containing nerves, both in the cerebral and peripheral circulation (Lundberg et aI. , 1979 (Lundberg et aI. , , 1980 Kobayashi et aI., 1983; Itakura et aI. , 1984; Hara et aI., 1985; Brayden and Bevan, 1986) . A possible pathway for AChE-containing nerves in the cere bral arteries of rat, namely, from the sphenopala tine ganglion through the ethmoidal foramen to gether with the nasociliary nerve and along the ex ternal (anterior) ethmoidal artery, has recently been proposed (Hara et aI. , 1985; Hara and Weir, 1986) . Because AChE and VIP coexist in many cerebro vascular nerves, and lesioning of both sphenopala tine ganglia in rat results in a marked reduction of VIP immunoreactivity as well as AChE activity (Hara et aI. , 1985) , it is possible that cerebrovas cular VIP nerves in rat originate in the sphenopala tine ganglion. However, the disappearance of the VIP nerves (and AChE-containing nerves) around the cerebral arteries was not complete. Further-more, AChE may not be a specific marker for cho linergic nerves, since it is also found in adrenergic and sensory nerves (Hume and Waterson, 1978; Te rvo, 1976; Chubb et aI., 1980) and may have other functions in the nerves than the breakdown of acetylcholine (Chubb et aI., 1980; Silver, 1974) . Choline acetyltransferase (ChAT) activity is there fore a more specific marker for cholinergic nerves. In a study on pial arteries from rat, cat, dog, and pig, the distribution pattern of ChAT -positive fibers was found to be different from that of VIP-positive fibers (Saito et aI. , 1985) . Hence, conclusions about the origin and pathways for cerebrovascular VIP fibers may not be possible to draw from studies with AChE.
In order to clarify the origin and distribution of the VIP-containing nerve fibers in the rat cerebral blood vessels, denervation experiments and appli cation of a retrograde axonal tracer were utilized in the present study.
MATERIALS AND METHODS

Animals
Sixty-eight adult male Sprague-Dawley rats weighing 250-350 g were used. They were divided into 13 groups of five animals each. The remaining three animals were used to determine the reinnervation after bilateral section of the structures in the ethmoidal foramen. Unilateral section of structures in the ethmoidal foramen, bilateral section of the structures in the ethmoidal foramen, unilat eral sphenopalatine ganglionectomy, bilateral sphenopa latine ganglionectomy were performed on four of the groups. Each group had corresponding sham-operated control group. Retrograde axonal tracer was applied ei ther to the nasociliary nerve, to the membranous struc ture on the medial orbital wall, to the sphenopalatine gan glion, or to the proximal middle cerebral artery in four of the groups. The remaining group acted as untreated con trols.
Denervation experiments
Section of the structures in the ethmoidal foramen
Thirteen animals were anesthetized with equithesin 0.3 mllIOO g body weight i.p. Equithesin (250 m!) was made up as a mixture of 40. 5 ml nembutal (60 mg/m!), 25 ml of absolute alcohol, 99 ml of propandiol, 10.6 g of chloral hydrate, 5. 3 mg magnesium sulfate, and 85.5 ml of dis tilled water. A sagittal scalp incision was made near the left eye. Intraorbital structures were gently retracted lat erally, and the structures in the ethmoidal foramen (i. e., the nasociliary nerve, the anterior ethmoidal artery, and the fine membranous structure from the sphenopalatine ganglion) were cut just outside the ethmoidal foramen on one side in five animals. The retractors were removed and the skin sutured. Another five animals were sub jected to bilateral section of the structures passing through ethmoidal foramen. Animals were killed 2 weeks later; moreover, one group of three animals were killed after 5 weeks in order to determine if any reinnervation had occurred. Vol. 8, No.5, 1988 
Sphenopalatine ganglionectomy
The sphenopalatine ganglion was extirpated surgically by a zygomatico-Iacrimal approach, as described by Rosen et al. (1940) . A skin incision was made over the zygomatic bone along its entire length, also severing the origin of the superficial masseter muscle. The zygomatic bone was cut at both extremities and lifted out. The deep masseter muscle was divided to expose the lacrimal glands, which were retracted dorso-caudally. The sec tioned deep masseter muscle was retracted ventrally to expose the fifth cranial nerve trunk, which was freed from adherent connective tissue and retracted dorsally in order to expose the sphenopalatine ganglion lying on the dorsal surface of the maxillary bone. The Vidian nerve and the fine branches to the sphenopalatine ganglion from the maxillary nerve-as well as various branches of the ganglion to nasal, palatal and orbital structures were sectioned, and the whole ganglion was extirpated. The retractors were removed and the skin sutured. The ganglion was removed unilaterally in five animals and bi laterally in another five animals. The animals were killed 2 weeks later.
Immunohistochemistry
Animals were anesthetized 2 or 5 weeks after the oper ation, with pentobarbital (30 mg/kg i.p.) and perfused via the ascending aorta with an ice-cold mixture of 2% form aldehyde and 15% of saturated aqueous picric acid solu tion in 0.2 M phosphate buffer (pH 7. 2). The brain was immediately removed together with the major cerebral arteries. The arteries were carefully dissected out to gether with their small branches and fixed for 2 h by im mersion in the same fixative. They were thoroughly rinsed for 24 h in a Tyrode solution containing 10% su crose at 4°C, followed by 2 h immersion in buffer without sucrose. Whole-mount specimens were placed on slides coated with chrome-alum and air-dried for 30 min.
The whole-mount preparations were processed for im munohistochemical demonstration of VIP by indirect im munofluorescence (Coons et al., 1955) . The VIP antiserum was raised in rabbit (R7854, Milab, Malmo, Sweden) and used in a dilution of 1 :640. The preparations were ex posed to the antiserum for 18 h at 4°C in a humid chamber and 2 h at room temperature. The site of immunoreaction was revealed by application of fluorescein isothio cyanate-labeled pig anti-rabbit IgG (Dakopatts, Copen hagen, Denmark) in a dilution of 1 :20. Control specimens were exposed to antiserum that had been preabsorbed with excess amount of antigen (10-100 f.Lg pure VIP per ml diluted antiserum). The slides were examined in a flu orescence microscope fitted with appropriate filter set ting for observation of fluorescein isothiocyanate (excita tion 490 nm, emission 520 nm) and photographed. Since cross reaction with other peptides or proteins sharing amino acid sequences with VIP cannot be excluded, it is appropriate to refer to the immunoreactive material as "VIP-like." However, for brevity the term VIP will be used henceforth.
Retrograde axonal tracing experiments
The animals were divided into four groups, each con sisting of five animals. In one group, anesthetized with equithesin, the left ethmoidal foramen was approached as above. trans-I, 2-bis(5-amidino-2-benzofuranyl)eth ylene . 2HCI (true blue) (Bentivoglio et aI. , 1979; Saw-chenko and Swanson, 198 1; H6kfelt et aI., 1983) was ap plied by a fine needle to a membranous structure, laying between the ethmoidal foramen and sphenopalatine gan glion on the medial orbital wall, just outside the eth moidal foramen. The amount of true blue applied was minimal in order to avoid diffusion of the water-soluble dye into surrounding structures. In a second group, true blue was applied to the proximal part of the nasociliary nerve. In a third group, true blue was injected into the sphenopalatine ganglion, reached by a zygomatico-lac rimal approach after opening of the ganglion capsule. In the last group, true blue was applied onto the surface of the proximal middle cerebral artery exposed by a zygo matical approach (Tamura et aI., 198 1) . The animals were anesthetized and a longitudinal skin incision was made from the midpoint between the eye and ear to the poste rior part of the jaw. After retraction of soft tissue around the skull base, a small hole between the foramen ovale and the anterior lacerated foramen was made using a dental drill. The middle cerebral artery could be seen under the dura mater, just crossing over the lateral olfac tory tract. The dura was incised and opened carefully, and a small amount of true blue was applied onto the sur face of the middle cerebral artery. The bone defect in the skull was replaced by bone wax. The soft tissue was al lowed to fall back into place before the skin was sutured.
One week after the operations the animals were rean esthetized and perfused as above. The following struc tures were dissected out on both sides: sphenopalatine ganglion, trigeminal ganglion otic ganglion, geniculate ganglion, superior cervical ganglion, and internal carotid mini-ganglion situated at the junction between the greater superficial petrosal nerve, the Vi dian nerve, and fibers from the internal carotid nerve. The tissue specimens were immersed in the same fixative as perfused fixation for 2 h and rinsed in Tyrode's solution containing 10% sucrose for 24 h. All specimens were sectioned serially in a cryostat at 10 fLm thickness for examination of tracer fluorescence. Sections with positive true blue labeling were processed for VIP immunohistochemistry. The sec tions were reexamined and photographed in a fluores cence microscope fitted with appropriate filter setting for alternative observation of true blue (excitation 365 nm, emission 420 nm) and fluorescein isothiocyanate fluores cence.
The structures of the rat were named according to the nomenclature of Greene (1935) .
RESULTS
Distribution of VIP-positive nerve fibers in cerebral blood vessels of normal animals
Numerous VIP-positive nerve fibers formed a plexus in the wall of the internal carotid artery, the anterior cerebral artery, the internal ethmoidal ar tery (olfactory artery), the middle cerebral artery, the posterior cerebral artery, the circle of Willis, the basilar artery, and the vertebral artery. They were most abundant in the anterior cerebral artery and the internal ethmoidal artery. In addition to the plexus formation, thick nerve bundles were also seen running longitudinally in the wall of the vessels, especially evident in the internal ethmoidal artery ( Fig. 1 ). 
Fiber connections between dura mater of the frontal skull base and in the internal ethmoidal artery
A large number of VIP-positive fibers, occasion ally forming thick bundles, were observed in the dura mater of the frontal skull base (Fig. 2) . Fibers in the dura often bridged between these VIP nerve bundles and the internal ethmoidal artery (Fig. 2b ).
Anatomical aspects of the sphenopalatine ganglion and the internal carotid mini-ganglion
The sphenopalatine ganglion is topographically connected with the maxillary nerve. It is situated between the medial surface of the maxillary nerve and the nasal orbital wall. The shape of the spheno palatine ganglion was elongated in rostro-caudal di rection, with flattened lateral and medial aspects, with two or three swellings forming along its length of approximately 4 mm (see also Kuder, 1983) . The anterior end of the ganglion was usually widened (Fig. 3) . The sphenopalatine ganglion connects with 19ii8 the maxillary nerve in its dorso-caudal part, and the ventro-caudal part forms the Vidian nerve that runs caudally to the junction between the greater super ficial petrosal nerve, the Vidian nerve, and the in ternal carotid nerve. Among several branches of the sphenopalatine ganglion, some caudal orbital branches climb dorso-rostrally to join branches of the ophthalmic nerve, including the nasociliary nerve, then pass through the ethmoidal foramen as the anterior ethmoidal nerve to enter the frontal skull base. More rostrally, further connections be tween the sphenopalatine ganglion and the nasoci liary nerve were recognized in the form of several delicate fascicles running dorsally in the soft tissue like a fine membrane along the nasal orbital wall to the ethmoidal foramen.
In the sphenopalatine ganglion, numerous VIP positive nerve cells and axons were recognized ( Fig. 4a ). VIP-positive fibers were also observed in nasociliary nerve and within the membranous structures between the sphenopalatine and the eth moidal foramen (Fig. 4b,c ). The internal carotid mini-ganglion is located in between the fibers bridging over from the internal carotid nerve to the greater superficial nerve and the Vidian nerve. This ganglion usually consisted of two cell groups: one located at the rostral end of the greater superficial petrosal nerve, and the other at the caudal end of the Vidian nerve ( Fig. 5 ). Many VIP-positive ganglion cells were recognized (Fig.  6a ) in the latter group, while in the fo rmer the gan glion cells were positive for dopamine l3-hydroxy lase and neuropeptide Y (Hardebo et aI. , unpub lished observation).
At the internal carotid nerve-greater superfi cial petrosal nerve-Vidian nerve junction the VIP-positive fibers coursed in various directions. Some of them originated from these ganglion cells, some ran from the Vidian nerve to the greater su perficial petrosal nerve, from the Vidian nerve to the internal carotid nerve via the greater deep pe trosal nerve, and from the greater superficial pe trosal nerve to the internal carotid nerve via the greater deep petrosal nerve (Fig. 6b ). Some VIP positive nerve fibers also bridged between the greater superficial petrosal nerve and the internal carotid artery, and also coursed through the greater deep petrosal nerve to the internal carotid artery ( Fig. 6c and 6d ). In a pilot experiment on three animals only the nasociliary nerve itself was sectioned unilaterally just before it passed through the ethmoidal fo ramen, without interfering with the fine fascicles along the nasal orbital wall. These animals showed no marked difference in the VIP fiber density be tween the sectioned and intact side, as examined 2 weeks later. Two weeks after unilateral sectioning of the structures in ethmoidal foramen, VIP-positive nerve fibers were markedly decreased on the ipsi lateral side. Particularly in the anterior cerebral ar tery, the middle cerebral artery, and the internal ethmoidal artery (Fig. 7) .
Two weeks after bilateral sectioning of the struc tures in the ethmoidal foramen, the VIP-positive fibers in the anterior part of the circle of Willis, in cluding the anterior cerebral artery and the internal ethmoidal artery, had disappeared completely. Very few remained in the proximal segment of the middle cerebral artery, the posterior cerebral artery, and in the rostral two-thirds of the basilar artery. How ever, they were preserved in the caudal third of the J Cereh Blood Flow Me/ab, Vol. 8, No . 5, 1988 basilar artery, the vertebral artery, and the intra cranial and carotid canal segments of the internal carotid artery (Fig. 8) . No VIP fibers could be seen in the dura mater of the frontal skull base.
Five weeks after bilateral sectioning of the struc tures in the ethmoidal foramen, a few VIP-positive nerve fibers could be found in the anterior cerebral artery, the internal ethmoidal artery, and the distal part of the middle cerebral artery. A substantial number of fibers were now observed in other parts of the major cerebral blood vessels, including the proximal part of the middle cerebral artery (Fig. 9 ), indicating reinnervation from caudal sources of ganglion cells located in the internal carotid artery and the basilar artery. Two weeks after unilateral removal of the sphen opalatine ganglion, the number of VIP-positive nerve fibers was smaller in the middle cerebral ar tery and the internal ethmoidal artery on the ipsilat eral side. Two weeks after bilateral removal of the sphenopalatine ganglion, the VIP-positive fibers in the anterior part of the circle of Willis had disap peared to the same extent as after sectioning of the structures in the ethmoidal foramen. No VIP-posi tive fibers could be seen in the membranous struc ture above the sphenopalatine ganglion and in the dura mater, including the internal ethmoidal artery, of the frontal skull base. However, some VIP-posi tive fibers could be seen in the nasociliary nerve ( Fig. 10 ).
Retrograde axonal tracing
One week after true blue application to the mem branous structure on one side, just below its entry through the ethmoidal foramen, a bright blue fluo rescence appeared in ganglion cells of the ipsilat eral sphenopalatine ganglion, but not in any other ganglia examined on either side. Some of these true blue-containing cells stained positively for VIP ( Fig. 11) . One week after application of true blue to the proximal segment of the nasociliary nerve, la beling was found of ganglion cells in the ipsilateral sphenopalatine, trigeminal, geniculate, superior cervical, and internal carotid mini-ganglion, but not in the otic ganglion and not in the ganglia on the contralateral side. A few of the labeled cells in the internal carotid mini-ganglion stained positively also for VIP.
After application of true blue onto the proximal portion of the middle cerebral artery the dye accu mulated ipsilaterally in ganglion cells of the sphen opalatine, trigeminal, otic, superior cervical, and internal carotid mini-ganglion, but not in the ganglia on the contralateral side. In a pilot experiment on three animals, no true blue positive cell was ob served in those ganglia following true blue applica tion on the outer scratched surface of the dura mater in the middle cranial fossa. This excludes the possibility that true blue had reached these struc tures via transport in nerves within the dura mater or via diffusion along the dural surface. Some of the true blue-positive cells in the sphenopalatine, otic ganglion and the internal carotid mini-ganglion but not in the trigeminal and superior cervical gan glion-were also VIP-positive (Fig. 12) . Such VIP/ true blue-positive cells in the sphenopalatine gan glion were found both in the rostral and caudal half of the ganglion. One week after the application of true blue in the sphenopalatine ganglion, tracer ac cumulation was seen in ganglion cells of the trigem inal, geniculate, otic, superior cervical, and internal carotid mini-ganglion on the ipsilateral side (Fig.  13) . The labeled cells in the internal carotid mini ganglion stained positively also for substance P (Hardebo et al., unpublished observation) and the cells in the superior cervical ganglion stained posi tively for dopamine �-hydroxylase and neuropep tide Y (Hardebo et al. , unpublished observation) . Under these conditions true blue accumulated in a few VIP-positive cells of the internal carotid mini ganglion. No VIP cells were found in the geniculate or superior cervical ganglion. All control specimens to which antigen preabsorbed antiserum had been applied failed to reveal any positive immunofluo rescence reaction.
DISCUSSION
The study indicates that the VIP-positive nerve fibers originate in the sphenopalatine ganglion and climb dorsally, along the medial surface of the orbit, to enter the ethmoidal foramen with the na sociliary nerve. The fact that unilateral lesioning only reduces the number of vascular fibers ipsila terally (see also Hara et aI. , 1985) suggests a con siderable contribution of fibers across the midline. This apparently takes place as the fibers run near the midline in the wall of the two internal ethmoidal arteries, located close to each other, and in the sur rounding dura of the frontal skull base, on their way to the circle of Willis and its vessels. Hara et a1. (1985) found that not even bilateral lesioning of the sphenopalatine ganglion in rat re sulted in complete disappearance of cerebrovas cular VIP fibers. However, their lesion method ob- viously does not eliminate the whole ganglion. They described the ganglion as oval in shape and 0.5 mm in diameter, and they moved a dental drill 0.5 mm along a rostro-caudal axis to destroy the ganglion. Hara and Weir (1986) found that the AChE-positive nerve fibers, after entering the cra nial cavity, reach the internal ethmoidal artery by way of a nerve plexus around the ethmoidal rete on the cribriform plate. According to the present study, the VIP-positive fibers reach the internal ethmoidal artery directly through the dura mater of the frontal skull base (Fig. 14) .
One other source for the VIP innervation of the brain circulation, and especially of the carotid canal segment of the internal carotid artery, appears to be the ganglion cells located in the junction between the internal carotid nerve, the greater superficial petrosal nerve, and the Vidian nerve, here called the internal carotid mini-ganglion. This ganglion has been described by some authors in rat and monkey (Chorobski and Penfield, 1932; Zacharias, 1941 and 1942; Vasquez and Purves, 1979) . Dener vation experiments in monkey (Chorobski and Pen field, 1932) revealed that this area contained a mix ture of afferent and efferent large and small myelin-ated as well as small unmyelinated fibers running in various directions. However, little has been known about the nature of the transmitter present in them. The cells stain positively for AChE (Vasquez and Purves, 1979) , and recently VIP-like activity was demonstrated in some of them (Hara and Ko bayashi, 1987) . In the present study, it was clarified that some of the ganglion cells contain VIP with the same fluorescence pattern as the VIP-positive cells in the sphenopalatine and otic ganglion. In this re gion, several VIP-positive fibers bridge over to the wall of the internal carotid artery. This gives the impression that the VIP-positive nerve fibers in the internal carotid artery segment of the bony carotid canal originate in the internal carotid mini-ganglion.
Another putative source for cerebrovascular VIP nerves is the otic ganglion, in which the majority of cells are VIP-positive. As presently found in the rat and by others in cat (Walters et aI. , 1986) by retro grade tracing technique, some neurons of the otic ganglion stain positively after application onto the middle cerebral artery. However, some of these cells in the rat were VIP-positive, whereas the identity of their transmitter was not characterized in the cat (Walters et al. , 1986) . In cat, a possible neural pathway from the otic ganglion to the pial vessels may be short, along the bypassing maxillary artery to the rete. In rat, however, such connec tions may be long, involving several nerves. The minor superficial petrosal nerve may pass caudally to the tympanic plexus, and then either (1) via the caroticotympanic nerves to the internal carotid ar tery, or (2) via the minor deep petrosal nerve to the greater superficial petrosal nerve. (3) A Shorter al ternative is a branch of the otic ganglion (internal sphenoid nerve) to the sphenopalatin branch of the maxillary nerve to reach and pass through the sphenopalatine ganglion, and fine fa scicles through the ethmoidal foramen and the internal ethmoidal artery to the circle of Willis.
True blue-labeled cells were found in the superior cervical ganglion after dye application on the middle cerebral artery, on the proximal part of the nasociliary nerve or in the sphenopalatine ganglion. These cells in the superior cervical ganglia also stained positively for dopamine j3-hydroxylase, and also for neuropeptide Y (Hardebo et al. , unpub lished observation) , indicating uptake of the dye into sympathetic nerves. The true blue-labeled cells present in the trigeminal ganglion following dye ap plication on the proximal part of the nasociliary nerve and middle cerebral artery were confined to the ophthalmic trigeminal division. They were found to contain substance P and calcitonin gene- VIP-positive nerve fibers reinnervated to some extent the circle of Willis and its branches, espe cially the middle cerebral artery, within 5 weeks after bilateral sectioning of the structures in the J Cereb Blood Flow Me/ab. Vol. 8. No.5, 1988 ethmoidal foramen. It is likely that these fibers originate in the internal carotid mini-ganglion.
Recently, the internal carotid mini-ganglion has also been demonstrated to harbor cells immunore active to substance P, calcitonin gene-related pep tide, dopamine �-hydroxylase, and neuropeptide Y (Hardebo et aI. , unpublished observation) . The in- The results from the retrograde tracing experi ments with true blue together with the disappear ance of nerves following lesions of the sphenopala tine ganglion or the structures in the ethmoidal fo ramen, indicates that the sphenopalatine ganglion is the major source for VIP nerves in rat pial vessels via a pathway through the ethmoidal fo ramen. The seeming discrepancy between the negative true blue findings on the contralateral ganglia and the observations from the unilateral denervation exper iment might be attributed to the fa ct that the appli cation site of true blue in the proximal segment of the middle cerebral artery is distant from any site of crossover of fibers. The VIP fibers in the nasoci liary nerve originate at least partly in the internal carotid mini-ganglion and do not contribute to the pial innervation to any discernible extent. The only other source for VIP nerves in the pial arteries is the internal carotid mini-ganglion which, according to the true blue studies, contributes to the VIP in nervation of the middle cerebral artery, and also in nervates the internal carotid artery at the level of the carotid canal. This distribution pattern is sum marized schematically in Fig. 14. In cat, where the main blood supply to the circle Willis and to the brain comes from a rete fo rmed by branches of the external carotid artery, and where the internal carotid artery has become obliterated during ontogenesis, cerebrovascular VIP fibers seem to originate in several small aggregations of ganglion cells strategically located around the vessels (Gibbins et aI. , 1984) . This is analogous to the strategic location of the internal carotid mini ganglion at the entrance of the internal carotid ar tery to the brain in the rat.
The vertebral artery and the caudal basilar artery found in the arachnoid membrane near the perical losal artery (Hara and Weir, 1986 ) and along AChE nerve bundles coursing on the surface of the olfac tory lobe and terminating on the proximal anterior cere bral artery (Licata et aI. , 1975) . The latter fibers are probably identical with the choline ace tyltransferase (ChAT)-positive fibers present on the surface of the rat olfactory bulb and belonging to the nervus terminalis, which is a ganglionated cra nial nerve emerging from the brain surface caudal to the olfactory bulb (Schwanzel-Fukuda et aI. , 1986). As mentioned above, such probably cholin ergic cells may also contain VIP and thus may rep resent another local source of cerebrovascular VIP fibers in the rat. A single VIP-positive cell has been found in the rat basilar artery (Hara and Kobayashi, 1987) . However, no VIP-containing cells were pres ently found near the pial arteries at any location throughout the vascular tree. The few VIP fibers remaining in small pial branches after bilateral re moval of the sphenopalatine ganglion may possibly originate from central VIP neurons. The peptide is found in a subpopulation of cortical neurons that appear to be associated with cortical blood vessels (Eckenstein and Baughman, 1984) . The physiological function of the cerebrovas cular VIP innervation is not known. Goadsby and MacDonald (1985) have identified a pathway from the locus coeruleus to the sphenopalatine ganglion through the greater superficial petrosal nerve and Vidian nerve. When locus coeruleus is activated, a vasodilatation that is blocked by VIP antiserum is obtained in the extracranial circulation. Against the background of the strong vasodilatory capacity of VIP and the strategic location of the VIP ganglion cells at the entrance of vessels to the cerebral vas cular bed through the skull base, Gibbins et al. (1984) speculated that the VIP nerves are activated under conditions of heat stress. One clinical impli cation for a local vasodilatory capacity of the in ternal carotid artery in the carotid canal upon acti vation of the seventh cranial nerve is cluster head ache, in which the internal carotid artery is swollen and dilated at this level during the attacks (Ekbom and Greitz, 1970 ; see also Hardebo, 1984) .
